Several methods have been proposed using multiple-point pressure measurement of random sound fields in ducts to determine acoustic properties of materials and systems. This paper presents an error analysis of the spectral estimates used in these techniques. Expressions for the normal acoustic absorption coefficient and impedance are derived for a random sound field in a duct. Theory is developed to determine the bias and random errors in estimating the spectral density function for plane-wave propagation in the duct. A bivariate stochastic process has b•n employed to model the acoustic system. Experimental and theoretical calculations show that minimum-bias e•ror can be achieved by using a small bandwidth in estimating the spectra and by locating the microphones close to the sample. Furthermore, random error can be minimized by maintaining a high coherence between microphone signals. This implies that the microphones should have a small spacing. However, high coherence may not be realized when a microphone location coincides with a node point in the 
A similar method was developed by Seybert and Ross. 2 They used two wall-mounted microphones and a source of random sound. By measuring the auto-and cross-spectral densities between the microphones, they were able to separate the incident and reflected wave spectra and to calculate the acoustic impedance of a sample. Some statistical considerations were discussed which showed that a compromise must be made between the random and bias errors by selecting the analysis bandwidth and the number of ensemble averages used in smoothing the raw spectral estimates.
Blaser and Chung s used a transfer function technique
to measure acoustic reflection coefficient and transmission loss. They measured the transfer function between two wall-mounted microphones and the transfer function associated with the incident and reflected waves. They also pointed out the existence of an upper frequency limit determined by microphone spacing.
An error analysis is useful in designing and conducting measurement procedures and in establishing confidence intervals for measured data. Except as noted above, Refs. 2 and 3 do not elaborate on statistical errors associated with acoustic property measurement.
Parroft and Smith 4 developed an analysis of random
and systematic measurement error for acoustic impedance estimates using the standing wave ratio method. They found that the random measurement errors in pressure minima position and reflection coefficient approximate a normal probability distribution with standard deviation of 0.0096 cm and 0.001, respectively. This paper is intended to investigate random and bias •rrors in estimating pressure spectra, and quantities derived from pressure spectra, in ducts containing plane-wave sound fields with random intensity variations.
I. RANDOM EXCITATION TECHNIQUE USING TWO

MICROPHONES
Consider a duct acoustic system terminated at x = 0 by an unknown sample, whose specific acoustic impedance is Z0, and terminated at x =-I by a randomly vibrating piston as shown in Fig. 1 . The acoustic pressure is measured at points 1 and 2. In this system, the vibration of the piston is assumed to be stationary with 
II. alAS ERRORS IN SPECTRAL ESTIMATES
The ratio •t2(f)/•tg(f) will be unbiased if The constraints mentioned above are not normally severe and can usually be accommodated. The data in this paper and in Refs.
•. and 3 show that acoustic properties may be determined with good accuracy when random excitation is used, providing proper attention is given to signal processing requirements. mental facilities for obtaining standing wave data. APPENDIX 
